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ABSTRACT 
EQUATORIAL UP\.JELLING AT GALAPAGOS: 
THE CADMIUM RECORD IN CORALS SINCE 1600 
Glen T. Shen 
Lamont-Doherty Geological Observatory 
Palisades, N.Y. 10964 
Chemical isolation of lattice-bound trace elements in marine carbonates 
has opened new windows to paleoceanographic study. In a modern context at the 
Galapagos Islands, oceanic upwelling variability is mirrored by changes in the 
Cd content of reef-building corals. This association derives from cadmium's 
nutrient-like distribution in the water column and its ability to substitute 
for calcium in the aragonite lattice of corals. Given corals of sufficient 
age, it is thus possible to reconstruct near-term ENSO-related changes in 
surface waters of the eastern Equatorial Pacific on annual and sub-annual 
timescales. 
Annual time series CdjCa reconstruction of a 350 year-old colony of 
Pavona clavus (ca. 1600-1954) from Isabela Is., Galapagos Islands, has nearly 
been completed (Fig. 1). The historical record from 1600-1854 is remarkably 
different from the ensuing 135 years leading to contemporary times. Most 
striking are variable but generally enhanced Cd levels of 1 to 6-times 20th 
century levels. Maximum values imply that 150-400 years b.p., surface ocean 
dissolved Cd and P04 levels reached 250 pM and 1.6 uM, respectively, as 
compared with typical modern concentractions of 40 pM and 0.5 uM. The 
likeliest source of such enrichments is intensified upwelling. Hydrographic 
sections off Galapagos reveal a shallow compressed thermocline indicative of 
active upwelling and a shoaling Equatorial Undercurrent. The chemical 
signature required to produce the observed historical perturbations can be 
found at depths only a few tens of meters below the present-day surface. The 
second intriguing feature of the coral record is the presence of strong 
systematic variability over decadal time intervals from 1600-1850 as 
contrasted with relatively quiescent conditions thereafter. Nine episodes of 
enriched Cd correlate v~§ually with particularly cold intervals specified by 
the decadally-averaged ~ 0 record of Thompson et al. (1986) in the Quelccaya 
Ice Cap of Peru. Thus, an apparent coupling exists between cold temperatures 
in the Peruvian Andes and intensified Pacific equatorial trade winds. The 
common forcing mechanism is as yet unknown. 
An apparent consequence of the elevated and rapidly-changing Cd 
background in times past is the obscuring of individual El Nino events which 
appear very clearly in the modern record (Fig. 2). Still, it is possible that 
the strongest events recently indexed by Quinn and coworkers (1987) are 
reflected in the Cd record. Direct comparisons await confirmation of the time 
scale via correlation with the Quelccaya indices, 238U-234U-230Th radiometric 
dating, and intercomparison of trace metal, stable isotopic, and skeletal 
density measurements. 
7 
The overall response observed at Galapagos concurs with increasing 
evidence for enhanced coastal upwelling from Peru to southern California 
during the Little Ice Age. The addition of Galapagos, an equatorial rather 
than coastal upwelling center, furnishes important evidence of a regional 
oceanic response or role in global cooling. The implications are that the 
evolution, frequency, and effects of El Nino during the Little Ice Age might 
well have been different from those observed today. 
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